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for small fixed-wing aircraft 
LT Ryan Beall 
Question / Why 
Context & Background 
History 
Pro & Cons of Adaptive Control 
Classical Feedback vs Adaptive Control 
Method 










“One of the challenges in designing low level control loops for Micro Air 
Vehicles (MAVs) is that the manufacturing process for airframes is not 
consistent enough to ensure uniform aerodynamic properties. Therefore, 
there is a significant need for robust adaptive control techniques that are 
computationally simple.” –Randal Beard 2006 
in detail 
WHY ADAPTIVE CONTROL? 
4 
Battle Damage Airframe Failures 
Asymmetric weapon load-out ACM collision 





CONTEXT & BACKGROUND 




Classical Feedback vs 
Adaptive Control  
BENEFITS 
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What we have: 
 -Noisy 









1Controller – No Adaptation  
JDAM: 500 Gain Scheduled 
separate controllers 













Results of this research: 
 -No Noise 
 -Easy to tune 
of Adaptive Control 
CONCEPTS 
9 






Software in the Loop 




Lyapunov stability criteria 
Neural Network trained model 
Recursive Least Squares model 
approximation 











L1 Adaptive Control  
• Decouples robustness from speed of adaptation 
• Actuator input is filtered to ensure achievable performance 
Simulation Results 
13 
Traditional Model Reference Adaptive Control 
L1 (low pass filtered) Adaptive Control 
Need:  
 -Robust adaptive controller 
 -Easy to tune 
Prior to this Research: 
 -Actuator jitter 
 -Difficult to tune 
Results of this research: 
 -No Jitter 






Hardware in the Loop 
Discretization at low cpu speeds  




Is adaptation gain high enough for attitude stability? 
How robust is the theory when applied? 
FLIGHT TEST 
15 
Software in the Loop 
Flight Test & 
Validation  
Adaptive gain was again refined for 




• NPS Swarming 
• Air Asia Flight 8501 (1994) 
• F-16 improved autopilot 
• Reduced wind tunnel time  
• L1 adaptive controller proved to be a robust technique for adaptively 
controlling a fixed wing UAS 
• High Gain adaptation was limited to the CPU clock cycle and not system 
noise 
• Discretization can cause issues in the real world but L1 method was able 
to cope with parameter estimation delay as well as loop timing instability 
 
Overall Thoughts and Applications 
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